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LEAKAGE  OF  GAMMA  RADIATION  THROUGH  SPIERICAL  AND  CYLINDRICAL  VOIDS  * 


The  work  reported  here  represents  a  continuation  of  the  work 
described  in  BNL-158,  The  present  report  is  Intended  for 
most  purposes  to  supersede  BNL-I58y  and  a  susanai^  of  the  re— 

in  the  preseTit  reprfrti 


lo  EXRSRIMSNTAL  ARRANGEMENT 

The  measUrementB  reported  here  were  made  in  the  BNL  water 
tank  shielding  facility,  which  has  been  described  in  detail  in  BNL.139 
(T-26),  Measurements  wore  made  with*  (a)  a  brass-walled  ©I  counter, 
one  inch  in  diameter  Igr  four  inches  in  length,  shielded  on  all  sides  ly 
two  and  one-half  inches  of  leadj  and,  (b)  a  graphite-walled  ion  chamber, 
one  inch  in  diameter  by  four  inches  in  length.  The  GM  counter  has  the 
advanta.ge  of  high  sensitivity  penal tting  aeasurements  of  high  precision 
for  the  determination  of  the  detailed  shape  of  flux  patterns.  It  has 
the  disadvantage  of  an  energy  response  which  Is  enhAnend  in  the  high 
energy  region  of  the  speotrom,  due  to  the  heavy  lead  shield  idiich  is 
used  to  reduce  the  flux  to  a  measurable  value.  The  ion  chamber  has  an 
approximately  tissue-equivalent  response  to  gamma  ray  flux  but  has  too 
low  a  sensitivity  to  permit  measurements  with  mAn  voids. 

The  experimental  arrangement  is  indicated  in  Figure  1,  which 
shows  the  GM  counter  in  position  to  measure  the  leakage  through  a 
spherical  void.  The  tank  is  filled  witti  water  to  a  depth  of  L53 ,25  Inches. 
An  outlet  is  provided  at  the  top  of  the  tank,  so  that  the  water  level  re¬ 
mains  constant  when  a  void  is  placed  in  the  tank.  counter  or  ion 
chamber  Is  ?Bounted  with  its  axis  of  symmetry  vertical  am  with  a  clearance 


of  one  inch  betirfeen  the  bottom  of  the  detector  and  the  water  surface* 
Flux  jaeasurements  are  then  made  at  various  points  in  the  horizontal 
planOo 

A  natural  uranium  source  plate,  39-5/3”  x  39-5/3”  x  5/3”, 
is  mounted  below  the  tank  to  provide  a  fission  source  of  gamma  rays 
and  neutrons*  The  top  surface  of  the  source  plate  is  shielded  with 
boral  from  thermal  neutrons  scattered  from  the  water  taxiko  A  plate 
of  bisButh,  3-5/8”  thick,  is  mounted  below  the  source  plate  to  sup¬ 
press  gamma  ray  leakage  from  the  pile  reflector*  Even  with  the  bisnuth 
shield  in  place,  the  fraction  of  the  gamma  ray  flux  at  the  surface  of 
the  water  tank  \diich  is  attributed  to  the  source  plate  is  only  about 
five  per  cent  of  the  total  flux*  Thus,  the  gaiana  ray  measurements  are 
primarily  characteristic  of  the  pile  gamma  rays  and  those  produced  by 
neutron  capture  in  the  material  surrounding  the  water  tank  facility* 

Ilo  MEASUREMEKTS 

A*  Botatloa 

The  following  notation  is  used  in  this  report* 

X  s  north-south  coordinate  of  the  detector  axis, 
south  is  positive,  north  is  negative* 

y  m  west-east  coordinate  of  the  detector  axis, 
east  is  positive,  west  is  negative* 

The  center  of  the  tank  is  taken  as  x  »  y  »  0* 

z  »  thickness  of  water  between  the  detector  center 
and  the  bottom  of  the  tank* 

X,  y  «  X  and  y  coordinates  of  the  center  of  the  void* 

and  is  the  radial  distance 
of  the  axis  of  the  detector  from  the  center  of  the 
void* 


D  s  diaiaster  of  a  spherical  or  cylindrical  void  « 

H  0  distance  of  the  top  surface  of  a  spherical  void 
below  the  water  surface o 

L  »  length  of  a  cylindrical  VDid*o 

N  a  detector  response  with  a  void  present,  eacpressed 
in  counts  per  minute  for  the  GM  counter  arid  in 
i^ntgens  per  hour  for  the  ion  chamber « 

No  s  detector  response  with  no  void  present© 


pile  power  in  megawatts  ( 


I  «  j27fr  (N/No-«l)dr,  the  excess  leakage  integiul 
^  which  is  a  measure  of  the  total  radiation 
emerging  from  a  shield  due  to  the  presence  of 
a  voido 


W  »  width  at  half  maximum  of  the  curve  (N/No-l)  as  a 
function  of  r, 

*  These  are  nominal  dimensions  only*  The  actual  dimensions  and  wall 
thicknesses  of  the  aluminum  shells  encasing  the  voids  are  given  in 
Table  11. 


Measurements  were  first  made  with  no  void  in  the  water  tank© 
The  results  are  plotted  in  Figures  2  and  3o  The  emerging  flux  is  seen 
to  have  a  maxinium  value  near  the  center  of  the  tank©  In  the  case  of  the 
ion  chamber  n^easurements  (Figure  2),  the  flux  pattern  curves  are  fairly 
symmetrical  about  the  center  of  the  tank*  In  the  case  of  the  GH  counter 
measurements  (Figure  3),  the  flux  pattern  curves  exhibit  a  maxi-mum 
slightly  to  the  south  and  to  the  east  of  the  center  of  the  tank©  The 


shifting  of  the  maxi.mum  to  the  south  is  attributed  to  the  presence  of 
the  reactor  cooling  gap  which  is  south  of  the  water  tank©  The  shifting 
of  the  maxlmiam  to  the  east  mcy  be  the  aresult  of  a  thermal  column  on  the 


west  side  of  the  water  tank 


The  fact  that  the  dlsplacraient  of  the  maxi  iwrai  in  the  flux 
pattern  is  observed  with  the  shielded  (M  counter  and  not  with  the  ion 

iB  believed  to  be  a  consequence  of  the  different  energy  response 
of  the  two  detectors.  The  Cffl  counter,  enclosed  in  a  two  and  one-half 
inch  lead  shield,  is  responsive  only  to  the  more  penetrating  components 
of  the  radiation  energing  from  the  tank.  Thus,  the  flux  measured  ty 
this  counter  consists  mainly  of  the  primaiy  radiation  idiich  originates 
at  the  bottom  of  the  tank  and  emerges  from  the  surface  of  the  water  with 
little  or  no  scattering.  The  flux  pattern  measured  ly  this  counter  is 
thus  strongly  dependent  upon  the  flux  pattern  at  the  bottom  of  the  tank. 
The  Ion  chamber,  on  the  other  hand,  responds  to  low  energy  secondary 
radiation  with  fair  effidenoy.  The  flux  pattern  measured  by  this  de¬ 
tector  ie  thus  strongly  influenced  ly  scattering  in  the  water,  and  only 
the  more  pronounced  features  (i.e.,  dropping  off  of  flux  neur  the  tank 
wall)  of  the  primary  flux  pettem  are  observed  with  this  detector.  Thus, 
the  variation  of  flux  with  horizontal  distance  Is  much  less  in  the  ion 
ebaiaber  measurements  than  in  the  CM  counter  measurements,  and  the 
shifting  of  the  Tiwvlmum  is  not  observed  at  all. 

C.  Flux  Pattem  with  Voids 

Measurements  were  made  with  spherical  voids  having  diameters 
of  four,  six,  eight,  twelve,  and  eighteen  inches;  and  with  cylindrical 
voids  having  diameters  of  two,  four,  six,  eight,  twelve,  and  eighteen 
inches.  The  spheres  were  placed  in  the  center  of  the  tank,  and  flux 
patterns  were  measured  as  a  function  of  ths  depth  of  the  sphere  below 
ttK  water  surface.  The  cylinders  were  placed  in  the  center  of  the  tank 
with  the  axle  of  qynBBtry  vertical,  and  the  top  surface  of  the  cylinder 
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barely  suboerged  below  the  water  surface.  Flux  patterns  were  measured 
as  a  function  of  cylinder  length. 

The  pile  power  was  monitored  periodically  by  positioning  the 
detector  in  a  standard  position  and  checking  the  detector  response. 
During  the  course  of  the  e^qmriaents,  a  BP^  counter  monitor  with  continu¬ 
ous  recording  was  installed  in  a  comer  of  the  tank  to  correct  for  8ho3rt 
time  variations  in  pile  power.  The  detector  readings  were  corrected  for 
resolving  time  (in  the  case  of  the  counter),  background,  pile 
power  level. 

Wie  data  are  presented  as  the  ratio  of  detector  response  N, 
with  the  void  present,  to  the  detector  response  No,  with  no  void  present. 
This  may  be  expected,  to  a  first  approximation,  to  correct  for  the 
variation  with  position  of  the  flux  pattern  with  no  void  present. 

In  some  cases,  particularly  in  cases  where  the  void  was  some 
distance  below  the  water  surface,  the  void  was  not  positioned  exactly 
in  the  center  of  the  tank.  This  resulted  in  a  shift  in  the  peak  of  the 
flux  pattern  obtained;  and  the  amount  of  mlscenterlng  could  be  determined 
and  corrected  for  Igr  observing  the  amount  of  this  shift.  Since  the  flux 
reaching  the  detector  decreases  as  the  height  of  the  detector  above  the 
water  surface  is  increased,  it  is  necessary  to  correct  the  observed  data 
for  the  decrease  in  observed  flux  due  to  the  height  of  the  detector  above 
the  water  surfaeo.  This  correction  was  obtained  for  H/No(r  »  o)  as  a 
function  of  D,  H,  and  L  by  measuring  Bo  and  N  as  a  function  of  hei^t  of 
detector  above  the  water  surface  for  a  variety  of  voids,  la  this  way,  a 
correction  factor,  F,  is  obtained  which  must  be  multiplied  by  the  observed 
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K/llo(r  »  O)  to  give  the  value  corre^nding  to  a  detector  at  the  surface 
of  the  vatero  This  correction  factor  is  given  in  Table  lo  It  is  as* 
suaed  that  no  connection  is  necessary  in  the  case  of  the  excess  leakage 
integral,  I,  since  the  reduction  in  height  of  the  flux  pattern  shofuld  be 
accompanied  by  a  corresponding  increase  in  width o 

D.  Results 

The  results  of  the  sj^re  and  blinder  measurements  are 
presented  in  Tables  2  to  7  and  in  Figures  4  to  29^  The  GM  counter  si^ere 
measurements  have  been  reported  previously  in  BNL-158,  and  individual  flux 
pattern  curves  are  not  included  In  the  present  reporto 

Summaries  of  the  sphere  measurements  are  presented  in  Tables 
2,  3,  and  6  axd.  In  Figures  26  and  28*  There  is  seen  to  be  good  agreement 
between  the  ion  chamber  and  counter  measurements  in  all  eases  where  the 
precision  is  sufficient  to  afford  an  accurate  comparisono  These  measure¬ 
ments  are  also  in  agreement  with  a  semiempirieal  theoiy  described  in  a 
separate  report*  o  An  interesting  feature  of  the  excess  leakage  integral 
curves  (Figure  28)  is  the  approxiraftlio  independence  of  this  integral  on 
the  depth  of  the  sphere  below  the  water  surfaceo 

Summaries  of  the  cylinder  measurements  are  presented  in 
Tables  4,  5,  and  7  and  in  Figures  27  and  29«  There  Is  a  definite  dis- 
crepEOicy  between  the  ion  chamber  and  (HI  counter  results  in  the  peak  value 
of  K/Ko,  edthough  the  excess  leakage  integral  curves  show  fair  agreement o 
The  discrepancies  are  believed  to  be  attributable  to  the  difference  in 
energy  response  of  the  two  detectors,  and  are  discussed  in  a  later  section 

•  Hertert  J.  Keaits,  BHL  Log  Mo.  C-6459  (in  press) 


Ill,  SUPPLEMENTARY  SXPERBENTS 


A,  Effect  of  _DetectQr ^_izA 

Since  the  dimensions  of  the  lead  shield  sumunding  the  CSM 
counter  are  not  small  compared  to  the  void  diameters^  an  experiment  was 
carried  out  to  determine  the  effect  of  the  size  of  the  shield  on  the 
width  of  the  flux  pattern  curve,  A  shield  was  constxucted  \diich  was  open 
at  the  bottom,  so  that  the  ezid  of  the  counter  was  unshielded.  The  sides 
and  top  of  the  counter  were  shielded  lny  two  and  one-i^half  inches  of  leado 
A  one  inch  diameter  counter  thus  shielded  should  be  equivalent  to  a  one 
inch  diameter  disc-shaped  counter.  Flux  pattern  curves  were  obtained  for 
a  four  inch  diameter  sphere  with  a  counter  shielded  in  this  wa7  and  with 
a  counter  shielded  in  the  manner  described  previously,  Ko  difference 
was  observed  in  the  half-width  of  the  excess  leakage  curve  (  (N/So  -  l)  vs  r) 
although  the  peak  value  of  N/lk>  was  scmievhat  increased  in  the  case  of  the 
partially  shielded  counter,  because  of  the  collimating  effect  of.  the  open- 
ended  shield o  It  is  concluded  from  this  that  the  effective  diameter  of 
the  fully  shielded  counter  is  no  greater  than  one  inch,  and  the  effect 
of  cornter.  size  on  the  observed  flux  patterns  should  be  smallo  The  ion 
chamber  was  mounted,  like  the  (Bf  counter,  with  its  axis  vertical  thus 
presented  a  minium  area  to  the  radiation  from  tha  tank, 

B,  ColHaatliig  Effect  of  the  GK  Counter  Shield 

Since  the  lead  shield  around  the  04  counter  was  cylindrical 
in  shape  with  a  flat  bottom,  as  indicated  in  Figure  1,  the  counter  way 
be  expected  to  be  more  sensitive  to  radiation  from  directly  below  the 
counter  than  to  radiation  which  comes  obliqtiely  from  off  the  counter  axis. 


This  is  because  the  oblique  radiation  idll  have  to  penetrate  somewhat 
more  lead  than  the  axial  radiationo  To  test  the  influenoe  of  this  ef¬ 
fect,  thR  lower  end  of  the  shield  was  rounded  so  as  to  present  approxi- 
xnately  the  same  amount  of  lead  to  radiation  from  all  directions.  Several 
of  the  flux  pattern  cuJ^ves  were  repeated  with  the  rounded  shield.  Al^ 
though  both  N  ani  Ko  were  increased,  no  significantly  different  values 
of  N/B6  wore  observed  with  the  new  shield.  It  is  concluded  from  this  that 
the  radiation  to  \Meb  the  shielded  CM  counter  responds  is  mainly  the 
pexmtrating  primary  radiation  which  emerges  in  a  nearly  vertical  direction 
ftom  the  tanko 

Attenuation  curves  in  the  water  tank  with  no  voids  present 
were  obtained  with  both  the  shielded  Ca4  counter  and  the  ion  chambero  In 
making  the  GM  counter  measurements,  the  water  was  drained  from  the  tazdc 
in  four  inch  steps  and  the  counter  was  lowered  so  as  to  remain  always 
one  inch  above  the  water  surface.  When  the  counting  rate  becajae  too  high 
for  reliable  counting,  the  pile  power  was  decreased;  and  the  decrease  in 
sowrce  strength  was  determined  hy  measuring  the  counting  rate  before  and 
after  the  change  in  pile  power.  Background  corrections  were  made  by 
observing  the  deccgr  rate  ajad  variation  with  water  level  of  the  counting 
rate  with  the  pile  shut  down.  Measurements  with  the  ion  chamber  were 
ynaAtk  with  the  Water  tank  fhll  and  at  fUll  pile  power,  the  ion  chamber 
being  subnerged  at  ■rarlous  depths  in  the  water.  Below  a  water  depth  of 
eeventy-slx  inches,  the  ion  chamber  was  replaced  ty  a  lees  eeneltivo 
chamber  of  essentially  the  same  dlmMislons,  Bie  resulting  attenuation 
curves  are  presented  in  Tables  8  and  9  and  in  Figure  30,  These  curves 
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are  not  oorrected  for  the  finite  size  of  the  soiirceo  The  obseirired  at* 
tenuation  length  in  the  water  tank  between  fifty-five  and  oi»  hundred 
forty-three  inches  of  water  is  31  »6  cm  as  measured  ty  the  ion  chaaiber 
and  36  cm  as  measured  ty  the  shielded  6M  counter*  This  appears  to 
support  the  conclusion  of  the  previous  section  that  the  shielded  CW 
counter  responds  preferentially  to  the  more  penetrating  components  of 
the  radiation* 


Ion  chamber  measurements  were  made  of  the  gasaca  ray  flux 
throughout  the  water  tank  with  no  voids  present*  These  measurements 
are  presented  in  Figures  31  to  46*  It  is  seen  from  these  curves  that 
the  flux  near  the  tank  bottom  is  greater  on  the  south  side  than  on  the 
north  side  and  greater  on  the  west  side  than  on  the  east  side*  This  is 
to  be  expected  since  the  water  tank  is  located  north  and  east  of  the 
center  of  the  pile*  The  greater  variation  in  the  north-south  direction 
than  in  the  east-west  direction  is  to  be  attributed  to  the  cooling  gap 
which  runs  east  and  west  through  the  center  of  the  pile,  and  gives  rise 
to  a  large  amount  of  neutron  streaming  along  the  face  of  the  pile  re* 
flectoro  Msasurements  at  successively  higher  levels  in  the  tank  show 
less  and  less  of  this  assymmetiy;  and  after  a  level  of  about  sixty  inches 
is  reached,  the  flux  pattern  curves  are  fairly  aymoidtrical*  The  curves 
at  all  levels  show  a  pronounced  drop  in  the  flux  near  the  walls  of  the 
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E.  toaiilAf  Dla^iHHitAan  Maaauremenii 

An  attend  was  made  to  measure  the  angular  distritution  of 
the  radiation  emerging  from  the  water  tank  with  no  voids  present. 

A  four  inch  ty  four  inch  by  twenty-four  inch  lead  collimator  with  a  one 
inch  diameter  hole  through  the  long  axis  was  mounted  above  the  water 
and  at  the  water  surface  in  the  center  of  the  tank.  A  GM 

counter  was  mounted  in  the  end  of  the  collimator  as  shown  in  Figure 
The  angle  between  the  collimator  axis  and  the  vertical  axis  of  the  tank 
was  varied  in  the  east-west  plane,  and  at  each  angle  the  counting  rate 
was  observed.  A  background  correction  was  obtained  at  each  angle  Igr 
filling  the  collimator  with  a  lead  idng.  The  counting  rate,  with  back¬ 
ground  subtracted,  was  taken  as  a  measure  of  the  radiation  reaching  the 
counter  through  the  hole  in  the  collimator.  In  order  to  simlate  the 
difference  between  the  ion  chamber  and  the  shielded  GM  counter,  the 
measurements  were  repeated  with  a  two  and  one-half  inch  lead  shield 
fixed  inside  the  collimator  directly  In  front  of  tto  counter.  The  re¬ 
sults  are  presented  in  Table  10  and  in  Figures  A$  and  49^ 

A  «w>niiH«>t'<nn  measurement  of  this  lypo  is  subject  to  the 
eritielsm  that  there  aay  be  scattering  of  radiation  ly  the  lead  plug 
during  a  background  measurement,  so  that  the  dlfferenee  between  readings 
with  and  without  the  lead  plug  is  not  a  true  measure  of  the  radiaUon 
popping  through  the  hole  in  the  collimator.  In  order  to  study  the  1*- 
portance  of  this  effect,  the  measurements  were  repeated  with  the  back¬ 
ground  determined  by  placing  a  two  inch  diameter  by  six  im*  long  lead 
ping  in  front  of  the  oolHmator  midway  between  the  oolUmator  and  the 


water  surface o  The  resulting  angular  distribution  curves  were  not 
appreciably  altered  by  this  change  in  the  eaqperiaental  arrangec^nto 
It  is  concluded  from  this  that  the  results  obtained  are  substantially 
correcto 

A  striking  feature  of  the  angular  distribution  Deasarexient 
is  the  fact  that  there  are  two  naxlina,  at  approxiioately  eight  degrees 
on  either  side  of  the  vertical  axiSo  This  is  presuiaably  an  ix)dicati(m 
that  a  large  ft*aetion  of  the  observed  gaum  radiation  la  due  to  neutron 
capture  in  the  walls  of  the  tank  and  the  surrounding  medium  near  the 
bottom  of  the  tanko  if  this  is  the  case,  then  further  xDeasurements 
would  be  expected  to  show  that  there  is  a  cone  of  radiation  originating 
in  a  rlngoshaped  source  near  the  bottom  of  the  tanko  There  is  some  in¬ 
dication  of  this  in  the  north-south  traverses  near  the  bottom  of  the 
tank  (Figures  43  and  44)  o  Fbi^her  measurements  will  be  inquired  in  order 
to  verify  this  point  con5>letelyo 

17.  DISCUSSION  OF  RESULTS 

Although  the  sphere  results  show  substantial  agreement  between 
the  ion  chamber  and  shielded  counter  measurements^  there  is  an  appreci¬ 
able  discrepancy  in  the  case  of  the  cylinder  measurementso 

It  is  seen  from  Figure  27  that  the  effect  of  the  void  on  the 
peak  value  of  N/No  as  measured  by  the  ion  chamber  is  less  than  the  effect 
as  measured  by  the  GM  countero  This  difference  is  presumably  due  to  the 
fact  that  the  (M  cotmter,  shielded  by  two  and  one-half  Inches  of  lead^ 

Is  mainly  responsive  to  penetrating  primaxy  radiation  which  is  traveling 
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in  a  nearly  vertical  direction.  This  view  is  supported  ty  the  fact 
that  no  difference  in  H/No  was  observed  when  the  nose  of  the  lead 

was  cut  away  to  present  the  same  amount  of  lead  to  radiation 
from  all  directions.  This  view  is  also  supported  by  the  fact  that 
the  attenuation  length  in  the  water  tank  (Figure  30)  is  longer  in 
the  case  of  the  GK  counter  measur^nents  than  in  the  case  of  the  ion 
<«hii»hoT»  measurements.  Finally,  the  angular  distribution  measurwiieats 
(Figures  48  and  49)  exhibit  soms  features  \diich  are  also  in  accord 
with  this  view.  These  measurements  indicate  that  the  radiation  emerging 
at  various  angles  shows  a  cutoff  at  about  ^  15®  vdien  measured  with  a 
shielded  counter,  whereas  the  im^elded  counter  detects  an  appreciable 
amount  of  radiation  at  larger  angles. 

The  excess  leakage  integral  (Ft^res  28  and  29)  is  apprcxi— 
mately  the  same  in  most  cases  whether  measured  with  the  ion  chamber  or 
with  the  as  counter.  Apparently,  the  total  onerging  flux,  the  deter¬ 
mination  of  whidi  requires  an  integration  over  the  entire  diield  face, 
is  lees  sensitive  to  the  angular  distribution  than  is  the  peak 
value  of  H/So.  Xlius,  the  larger  peak  value  of  iddch  is  obtained 
with  a  detector  responding  to  the  vertical  flux  appears  to  bo  congwn- 
eated  by  the  larger  spread  in  angle  of  the  radiation  deteoted  by  a 
detector  responding  to  the  Isotropie  con^xwents  of  the  flux. 

The  measuraments  with  the  ion  chamber,  wlil<&  has  an  aj^wxi- 
iaately  tissue-equivalent  energy  Mspmsa,  are  to  he  considered  more 
reliable  than  those  with  the  shielded  CM  counter.  The  CM  counter 


13- 


measurements  are  of  Interest,  however,  in  shoving  the  influence  of 
distribution  on  the  effect  of  a  void»  &  porticsular,  it  may  be  pointed 
out  that  the  "scaling  doim"  process  of  expressing  all  dimensions  in  terms 
of  the  attenuation;  length  of  the  observed  radiation  amy  lead  to  soiae  error 
if  the  angular  distribution  is  not  taken  into  accounte  thus,  although  the 
attenuation  length  as  observed  with  the  GM  counter  is  greater  than  that 
observed  with  the  ion  chamber,  the  effect  of  a  given  siae  of  void  on  the 
peak  value  of  N/lfo  is  greatero  This  is  the  reverse  of  the  situation  that 
would  be  predicted  by  sealing  down  the  dimensions  of  the  void  by  the  at¬ 
tenuation  length  factor.  Comparison  of  the  excess  leakage  integrals 
measured  with  the  ion  ehamber  and  with  the  CM  counter  indicates  that  the 
excess  leakage  integral  is  not  particularly  sensitive  to  the 
distributiono  Thus,  the  excess  leakage  integral  results  presented  beare 
may  be  of  fairly  general  interesto 
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V,  FIGURBS 

lo  Water  Tamk  Facility 

2,  Gamma  Ray  Flux  at  Water  Surface  idth  no  Voids  (Ion  chamber) 

3o  Gamma  Ray  Flux  at  Water  Surface  with  no  Voids  (CM  Counter) 
Ion  chamber  Sphere  Flux  Patterns 
9-’lS,  Ion  chamber  Cylinder  Flux  Plattems 
19-25»  CM  Counter  Cylinder  Flux  Patterns 
260  K(o)/No(o)  for  Spheres 

27*  N{o)/So(o)  for  Cylinders 

2S.  Ficcess  Leakage  Integral  for  Spheres 

29o  Excess  Leakage  Integral  for  Cylinders 

3O0  Attenuation  Curves  in  Pure  Water 
31=46*  Flux  Inside  Tank 

47*  Angular  Distribution  Measurement  Apparatus 

480  Angular  Distribution  Measurement  with  Unshielded  Counter 

49o  Angular  Distribution  Measurement  with  Shielded  Coxmter 
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loira  BROOKHAVEN  CONCRETE 
W772k  IRON 


I  5/8”  THICK  NATURAL  URANIUM 
SOURCE  PLATE,  WITH  1/4“  BORAL 
ON  TOP 


LEAD 

WATER 


3  5/8"  THICK  BISMUTH  GAMMA  RAY  SHIELD, 
MOUNTED  ON  1/2"  THICK  IRON  PLATE 


Figure  1  (Above).  Water  tank  facility  and 
associated  equipment.  BNL  Log  No.  D-1^95. 
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4 

72 

1.80 

5 

4 

84 

2.15 

5 

4 

96 

2.65 

5 

4 

108 

3.90 

5.5 

4 

120 

5.80 

4.5 

2 

84 

1.25 

3 

2 

96 

1.39 

2.5 

2 

108 

1.62 

2.5 

2 

120 

2.20 

2 

2 

132 

3.40 

1.5 

2 

142.75 

6.60 

2 

Vfeiter  Surface) 


I 

(Sq.  inches) 

809 

2420 

7080 

656 

I64O 

2950 

4930 

6090 

122 

333 

490 

889 

953 

1430 

1986 

2528 

3560 

a 

86 

139 

249 

277 

372 

559 

855 

1200 

22 

61 

65 

96 

55 

69 

71 

124 

353 

4 

9.6 

9.3 

13 

18 

39 
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TABrK  5  _  ai  CODHTER  CYLINDER  MEAJaM3ffiKTS 

(Dncorreoted  for  Height  of  Detootor  Abowa  Hater  airface) 


D 

L 

H/llo 

W 

I 

(inches) 

(Inches) 

(r  •  0) 

(inches) 

(sq.  inches) 

Id 

24 

3.75 

17 

766 

18 

36 

7.75 

18 

1921 

18 

48 

U.5 

18 

4025 

12 

24 

3.75 

11 

325 

12 

36 

6.10 

12.5 

800 

12 

48 

8.10 

U 

1331 

12 

60 

U.O 

10 

2215 

12 

72 

15.5 

10 

3645 

8 

24 

2.83 

8 

115 

8 

36 

3.64 

10 

252 

8 

48 

4.55 

10 

436 

8 

60 

5.95 

10 

803 

8 

72 

7,75 

10 

1074 

8 

84 

10.3 

10 

1458 

6 

24 

2.26 

6 

68.1 

6 

36 

2.64 

9 

122 

6 

48 

3.00 

8 

146 

6 

60 

4.05 

8 

309 

6 

72 

4.75 

7 

380 

6 

84 

6.00 

7 

468 

6 

96 

8.10 

6 

551 

4 

24 

1.58 

6 

20.6 

4 

36 

1.82 

6 

53.3 

4 

48 

2.02 

6 

86.8 

4 

60 

2.24 

5 

85.8 

4 

72 

2.65 

5 

97.4 

4 

84 

3.20 

5 

140 

4 

96 

4.25 

5 

161 

4 

108 

5.55 

4.5 

185 

4 

120 

7.65 

4.5 

185 

2 

24 

1.08 

7 

4.5 

2 

36 

1.14 

6 

10.8 

2 

48 

1,18 

5 

8.1 

2 

60 

1.24 

4 

10,3 

2 

72 

1.32 

3 

7.9 

2 

84 

1.46 

3 

13.4 

2 

96 

1.66 

2.5 

13.8 

2 

103 

2,05 

2 

12.0 

2 

120 

2.55 

2 

11.4 

2 

132 

3.90 

2 

20.3 

2 

142.75 

12.0 

2 

58.6 

TABI£  6  —  SPHERE  HEASUREMENTS  (Correctod  for  ^Ight  of  Do'teotor 

Above  titter  Surface) 


D 

(inohee) 

H 

(incbea) 

(N/fe)raO 
lc«  Chcudber 

(H/^)reO 

Gountei 

18 

0 

2.84 

2.77 

18 

18 

2.30 

2.32 

18 

36 

1.80 

1.77 

12 

0 

2.00 

2.00 

12 

12 

1.73 

1.75 

12 

24 

1.38 

1.42 

12 

36 

- - 

1.21 

8 

0 

1.62 

1.61 

8 

8 

1.38 

1.45 

8 

16 

— ^ 

1.25 

6 

0 

1.38 

1.39 

6 

6 

— 

1.^7 

6 

12 

— 

1.18 

4 

0 

1.19 

1.24 

4 

4 

■ . . 

1.09 
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TABLE  7  - 

CYLINDER  MEASUBEMERTS  (Corrected  for  Height  of  Detector 

Above  Water  Surface) 

D 

L 

(Il/llo)r  s  0 

(N/lJb)r  -  0 

(inehee) 

(inches) 

Ion  Chamber 

Counter 

18 

24 

4.10 

3.86 

18 

36 

7.68 

8,06 

18 

48 

13.6 

15.4 

12 

24 

— 

3.98 

12 

36 

6.20 

7.14 

12 

48 

7.91 

9.25 

12 

60 

10.7 

12.4 

12 

72 

23.6 

17.2 

12 

84 

19.5 

■— 

8 

24 

2.62 

3.26 

8 

36 

3.57 

4.33 

8 

48 

4.65 

5.45 

8 

60 

5.42 

7.08 

8 

72 

6.05 

9.06 

8 

84 

8.46 

11.8 

8 

96 

11.6 

---- 

8 

108 

18.2 

— .... 

8 

120 

29.8 

6 

24 

lo94 

2.72 

6 

36 

2.42 

3.17 

6 

48 

2.68 

3.60 

6 

60 

3.51 

4.86 

6 

72 

3.48 

5.61 

6 

84 

4.41 

6.95 

6 

96 

5.55 

9.23 

6 

108 

9.70 

6 

120 

16.4 

— 

4 

24 

1.79 

1.77 

4 

36 

1.96 

2.22 

4 

48 

2.12 

2.49 

4 

60 

2.03 

2.69 

4 

72 

2.16 

3.10 

4 

84 

2.54 

3.65 

4 

96 

3.07 

4.72 

4 

108 

4.40 

6.05 

4 

120 

6.27 

8.26 

2 

24 

- 

1.20 

2 

36 

1.27 

2 

48 

1.30 

2 

60 

1.36 

2 

72 

1.44 

2 

84 

1.48 

1.59 

2 

96 

1.63 

1.79 

2 

108 

1.82 

2.21 

2 

1^ 

2.38 

2,73 

2 

132 

3.64 

4.14 

2 

li2.76 

7.nn 

12.7 
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TftWF.  8  -  ATTEHUATIOM  OF  GAMMA. RAIS  IN  WATER  TANK  (ION  CHAMffiR  MEASUREMENTS) 


Water 
Depth  Z 
(inches) 


2.20 

3.20 

4.20 

5.20 

6.20 

7.20 

8.20 

9.20 

10.20 

11.20 

12.20 

13.20 

14.20 

15.20 

16.20 

17.20 

18.20 
19.20 
20.20 
21.20 
22.20 
23.20 
24.20 
25.20 
26.20 

27.20 

28.20 
29.20 
30.20 
31.20 
32.20 

33.20 

34.20 

35.20 

36o20 

37.20 

38.20 

39.20 

40.20 
a. 20 
42.20 

43.20 

44.20 

45.20 

46.20 

47.20 

48.20 


Uhter 
Depth  Z 
(inches) 

3.86(2) 

49.20 

3.37(2) 

50.20 

2.95(2) 

51.20 

2.60(2) 

52o70 

2.25(2) 

53.20 

1.99(2) 

54.20 

1.76(2) 

55.20 

1.52(2) 

56.20 

1.35(2) 

57.20 

1.22(2) 

58,20 

1.07(2) 

59.20 

9.54(1) 

60.20 

8.69(1) 

61.20 

7.74(1) 

62.20 

6.90(1) 

63.20 

6.18(1) 

64.20  . 

5.52(1) 

65.20 

4.93(1) 

66.20 

4.42(1) 

67.20 

3.94(1) 

68.20 

3.59(1) 

69.20 

3.24(1) 

70.20 

2.95(1) 

71.20 

2.65(1) 

72.20 

2.a(l) 

73.20 

2.17 (l) 

74.20 

1.93(1) 

75.20 

1.74(1) 

76.15 

1.60(1) 

77.15 

1.43(1) 

78.15 

1.37(1) 

79.15 

1.18(1) 

80.15 

l.U(l) 

81.15 

9.65(0) 

82.15 

9.27(0) 

83.15 

8.11(0) 

84.15 

7.39(0) 

85.15 

6.68(0) 

86.15 

6.06(0) 

87.15 

5.63(0) 

88.15 

5.20(0) 

^.15 

4.62(0) 

90.15 

4.19(0) 

91.15 

3.82(0) 

92.15 

3.48(0) 

93.15 

3.17(0) 

94.15 

2o95(0) 

95.15 

Water 

Depth  Z 
(inches) 

2.66(0) 

96.15 

2.43(0) 

97.15 

2.22(0) 

98.15 

2.02 (O) 

99.15 

1.85(0) 

100.15 

1.72(0) 

101.15 

1.57(0) 

102.15 

1.47(0) 

103.15 

1.30(0) 

104.15 

1.21(0) 

105.15 

1.10(0) 

106.15 

1.00(0) 

107.15 

9.05  (-1) 

108.15 

8.55  (-1) 

109.15 

7.94(-l) 

110.15 

7.34(-l) 

111.15 

6.63  (-1) 

112.15 

6.07  (-1) 

113.15 

5.62  (-1) 

114.15 

5.20 (-1) 

115.15 

4.72 (-1) 

116.15 

4.41 (-1) 

117.15 

4.03 (-1) 

118.15 

3.71(-1) 

119.15 

3.a(-i) 

120.15 

3.17(-1) 

ia,15 

2.89(-l) 

122.15 

2.72  (-1) 

123.15 

2.50(-l) 

124.15 

2.30 (-1) 

125.15 

2.12(-1) 

126.15 

1.98 (-1) 

127.15 

1.80  (-1) 

128.15 

1.65 (-1) 

129.15 

1.53 (-1) 

130.15 

1.42 (-1) 

131.15 

1.30 (-1) 

132.15 

1.20 (-1) 

133.15 

1.12(-1) 

134.15 

1.03  (-1) 

135.15 

9.45 (-2) 

136.15 

8.73  (-2) 

137.15 

8.02  (-2) 

138.15 

7.U(-2) 

139.15 

6.87  (-2) 

140.15 

6.44(“2) 

ia.i5 

5.87  (-2) 

5. 44  (-2) 
5. 01  (-2) 
4.58 (-2) 
4.29  (-2) 
4.01 (-2) 
3.72  (-2) 

3. 44  (-2) 
3.15 (-2) 
2.86(-2) 
2.69 (-2) 
2.49(~2) 
2.29(-2) 
2. 13 (-2) 
1.98 (-2) 
1.82(-2) 
1.69(-2) 
1.56 (-2) 
1.43  (•^) 
1.32  (-2) 
1.22(-2) 
1.13 (-2) 
1.04 (-2) 
9.59(-3) 
8.87 (-3) 
8.30 (-3) 
7.59 (-3) 
7.01  (-3) 
6.U(-3) 
6.01 (-3) 
5.58(-3) 
5.15 (-3) 
4.72  (-3) 
4.44<-3) 
4.15 (-3) 
3. 86  (-3) 
3. 58 (-3) 
3.29(-3) 
3.01 (-3) 
2.69(-3) 
2.46 (-3) 
2.29 (-3) 
2.09(-3) 
1.95 (-3) 
1.80{-3) 
1.57(-3) 
1.43 (-3) 


X  Roentgens  per  hour  per  megawatt  pile  power.  A  figure  in  parentteses  denotes  a  power  of  10. 
Attenuation  length  for  29^55  inches  is  31.6  cm.  x  ■  y  *  0 
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TABLE  9  -  ATTENUATION  OF  GAMt^A  RAYS  IN  WATER  TANK  (GM  COUNTER  MBASUREJ^ENTS) 


Water 
Depth  Z 
(inches) 

18.50 

23.25 
26.81 
31.00 
35.00 

39.25 
42.88 
47.50 
51.12 
55.00 

58.69 
63.38 
67.12 

70.94 

74.69 

78.69 
83.00 
^.12 
91.19 

95.25 

98.94 

103.31 

107.25 
111.38 
115.00 

119.31 

123.06 

127.25 

131.25 

134.94 

139.25 
143.00 


1.812(6) 

1.108(6) 

6.563(5) 

4.088(5) 

2.683(5) 

1.768(5) 

1.232(5) 

8.761(4) 

6.479(4) 

4.742(4) 

3.561(4) 

2.628(4) 

1.944(4) 

1.472(4) 

1.136(4) 

8.349(3) 

6.353(3) 

4.830(3) 

3.567(3) 

2.775(3) 

2.116(3) 

1.541(3) 

1.130(3) 

8.770(2) 

6,607(2) 

4.882(2) 

3.774(2) 

2.794(2) 

2.065(2) 

1,582(2) 

1.182(2) 

8.84(1) 


*  Counts  per  minute  per  megawatt  pile  power, 

A  figure  in  parenthesie  denotes  a  power  of  10. 

A.ttsmatlon  length  for  Zi  55  inches  is  31.6  cm. 


X  a  7  ■  0. 
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TABLE  10  -  AKGUIJVR  DISTRIBOTION  OP  GAMf4A  RAI  FLUX  EMERG^^G  PROM  WATER  TANK 


UNSHIEIBED  GM  (X)UTOR^ 


Angle^ 

-S. 

Fhxit 

Aagle« 

Flur^ 

(Jegrees) 

(C/M-IW) 

(degrees) 

(C/iUM) 

-41.0 

1.4 

-35.5 

-0.4 

-  3.5 

30.8 

-31.3 

2.6 

-  1.5 

27.4 

-26.3 

1.2 

-  0.8 

26.1 

-25.5 

3.2 

0 

27.5 

-21.3 

4.2 

/  0.5 

24.5 

-19.0 

5.1 

/  2.7 

26.0 

-16.0 

7.9 

/  5.0 

30.4 

-U.5 

10,8 

/8.0 

51.8 

-12.5 

15.6 

/  8.8 

52.8 

-11,0 

26.5 

/9.5 

51.4 

-  9.5 

50.5 

/11.5 

30.4 

-  7,5 

59.9 

A3.1 

19.0 

-  7.0 

59.0 

/14.8 

9.4 

-  6.5 

57.6 

/17.5 

6.9 

-  5.5 

53.1 

/24.5 

2.8 

SHIELDED  (M  COUNTER* 

-30.8 

-0.3 

f  0.7 

1.7 

-21.5 

-0.9 

/  2.5 

2.5 

-13.0 

-0.8 

4*4 

2.4 

-13.8 

/0.5 

/  6.5 

3.2 

-11,0 

/2.4 

/8.8 

4.1 

-  9.5 

/4.0 

/10.7 

1.7 

-  7.5 

/6,0 

/12.5 

1.1 

-  5.5 

/3.6 

/15.0 

1.4 

-3.5 

/2.7 

/16.4 

-0.3 

-  1.5 

/1. 9 

/19.5 

-0.5 

^  The  xanshielded  W.  counter  refers  to  the 

counter  in  the 

oollimator 

alone »  The 

shielded  QM 

counter  referc  to 

the 

counter  in  the  oollimator 

with  a  2-1/2  Inch  lead  plug  directly  in  front  of  the  oountero 


^A  positive  angle  corresponds  to  radiation  emerging  in  a  direction  to 
the  west  of  the  normal ^  a  negative  angle  cozresponds  to  radiation  emerging 
in  a  direction  to  the  east  of  tho  normals 

"5"  Flux  is  given  in  counts  per  minute  per  megawatt  pile  power,  with  the 
background  (determined  by  filling  the  collimator  \^th  a  lead  plug  in  front 
of  tho  counter)  subtracted o  All  flux  values  are  c  1  CA/LMm 


TARTR  11  «  VOID  DB-IBNSIONS 


SPIDIiSS 

Nominal 

Inside 

Outside 

Diameter 

Diameter 

Diameter 

(inches) 

(indies) 

(inches) 

4 

3.88 

4.00 

6 

5.88 

6.00 

8 

7.88 

8.00 

12 

11.88 

12.00 

18 

17.88 

18.00 

CYLINDERS 


Nominal 

Inside 

Outside 

Endplate 

Diaxseter 

Diameter 

Diameter 

Thickness 

(inches) 

(inches) 

(inches) 

(inches) 

2 

1.88 

2.00 

0.38 

4 

3.81 

4.00 

0,38 

6 

5.81 

6.00 

0,38 

8 

7.81 

8.00 

0.38 

12 

11.81 

12.00 

0.38 

18 

17.75 

18.00 

0,38 

Nominal  length  of  cylindrical  voids  is  the  lengtii 
of  air  space  inside  the  voido 
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